Abstract-Cocaine (3x10-5 M) has been reported to potentiate maximal contraction induced by several stimulants, and this phenomenon might be ascribed to the postsynaptic action. The present study was undertaken to observe the influences of cocaine on Ca-movements, that is, Ca-uptake and Ca-release, in the microsomal fraction of the prostatic half of the rat vas deferens. In this study, it was shown that cocaine potentiated Ca uptake at the lower concentration (10-6 M) of Ca", but had no influence upon Ca-release and also that cocaine significantly increased the rate of Ca-uptake. These results suggest that cocaine promotes binding of Ca ions with the surface sites of smooth muscle membrane concerned with Ca-influx process and thereby potentiates maximal contractions elicited by different stimulants.
It has been reported (1-5) that cocaine causes a marked shift to the left of the dose response curve to norepinephrine, and simul taneously an enhancement of the maximal response to norepinephrine in isolated rat vas deferens. Since the work of Trendel enburg (1) , in general, the cause of the potentiating effect of cocaine to norepin ephrine has been mainly ascribed to the in hibition of catecholamine uptake mechanism, resulting in an increase in the concentration of norepinephrine at the receptor sites. As discussed by some authors (2) (3) (4) , if the potentiation caused by cocaine was due only to the inhibition of uptake (1) , then the dose response curve to norepinephrine should only shift to the left without change in the maximal response.
Many investigators, therefore, argued the possibility that cocaine could act on the postsynaptic sites or smooth muscle of vas deferens, in addition to the presynaptic sites or sympathetic nerve endings, although to what extent this possibility is, in effect, contributory to the cocaine action is con troversial among the investigators. Candidates of the mechanism of the postsynaptic action of cocaine have been proposed and included prevention of auto-inhibition (5), increase of the availability of calcium for muscle con traction (2, 3), or synchronization of con traction through the improvement of cell to cell communication (6) . It has, however, been suggested that angiotensin II, acetylcholine, K, Ba and Ca can augment the maximal responses of the depolarized tissue when cocaine is included (2) . These observations indicate that the action of cocaine at the postsynaptic sites is not limited to the influences on the mechanism of adrenergic a-receptor activation and is rather of a *To whom reprint requests should be addressed .
nonspecific nature. There is accumulating evidence that actions of smooth muscle stimulants are related to their effects on Ca transporting properties of microsomal fractions from some smooth muscles (7) (8) (9) (10) (11) (12) (13) .
We investigated the regional difference of the effect of cocaine on maximal response potentiation in the rat vas deferens and then examined the influence of cocaine upon Ca movement in the microsomal fraction prepared from the same organ.
MATERIALS AND METHODS
Male Wistar strain rats (150-200 g) were sacrificed by a blow on the neck and vasa deferentia were excised. After connective tissues and blood vessels were removed, vas deferens was slightly stretched and divided into two halves, the prostatic half and the epididymal half.
Mechanical response: These two halves were mounted in a 20 ml organ bath filled with a physiological saline solution kept at 32'C and bubbled with air. The contractions were recorded isotonically, and the tension on the tissue was 0.5 g. After a response to norepinephrine has reached a steady level, a control dose-response curve of norepin ephrine was obtained, cumulatively. The dose-response curve of norepinephrine in the presence of cocaine (3X10-5 M) was also obtained in the same smooth muscle pre parations which had been treated for 10 min beforehand with cocaine (3X10-5 M).
The physiological saline solution used was of the following concentration (mM); NaCI 154, KCI 5.6, CaCl2 2.2, MgC12 2.1, NaHCO3 5.9 and glucose 2.8.
Ca-uptake: Estimation of Ca-uptake by the microsomal fraction was made by the method of Carsten (7) as modified by Takayanagi et al. (11, 12) .
Prostatic halves from about 20 rats immersed in 0.25 M sucrose containing 10 mM Tris/HCI (pH 7.4 at 4°C) were washed thoroughly to remove sperm. The isolated tissues were minced with scissors and homogenized in 9 volumes of ice-cold 0.25 M sucrose containing 10 mM Tris/HCI in a glass homogenizer with a loosely fitted Teflon pestle with 10 strokes. The homo genate was spun at 2500xg for 10 min. The supernatant was again spun at 15000xg for 20 min. Centrifugation of the supernatant at 40000xg for 90 min resulted in a pellet which was used as the microsomal fraction in this study. Ca-uptake was assayed at 32°C in the incubation mixture which contained 100 mM KCI, 3 mM MgC12, 0.3 mM ATP, 5 mM potassium oxalate, 5 mM sodium azide, 10 mM creatine phosphate, 0.1 mg/ml creatine kinase, 3x10-5 M cocaine hydro chloride (when included), 0.1 mM CaCl2 plus 45Ca (1 ucCi/ml), various concentrations of GEDTA, 30 mM Tris/HCI (pH 7.0 at 32°C) and about 0.1 mg/ml microsomal protein in a total volume of 2.0-2.5 ml. Reactions were started by the addition of one-tenth volume of a microsomal fraction suspended in 30 mM Tris/HCI, and stopped by filtration of the mixture through a Millipore filter (HAWP 0.45 ,um) at timed intervals. The filter was washed twice with 1 ml of chilled buffer which contained 100 mM KCI, 3 mM MgC12, 25.6 mM NaCI, 1 mM GEDTA and 30 mM Tris/HCI. After the filter was dried and dissolved in 10 ml of toluene base scintillator, radioactive Ca retained on the filter was estimated by a liquid scintillation spectrometer (Aloka LSC-900). The values were corrected for the 45Ca remaining on the filters in the absence of the microsomal fraction (8) . Ca uptake was estimated from the radioactivity of the filter as described in the previous papers (11, 12) .
The rate of Ca-uptake was determined by estimating the amount of Ca which was taken up in the microsomal fraction during the initial 2 min (14) .
Ca-release: The release of incorporated Ca was determined as follows. Microsomal vesicles were incubated in a medium similar to that used for Ca-uptake experiments, except that microsomal protein was increased about 3-fold and 45Ca increased to 2 ,uCi/ml. The microsomes were allowed to take up Ca for 10 min. The release of Ca from the microsomal fraction was then started by 10 fold dilution of the medium which omitted oxalate and contained 3 mM GEDTA. Aliquots of 0.5 ml were withdrawn from the release medium at timed intervals and were passed through Millipore filters. 45Ca retained on the filter was determined.
The concentrations of Ca" were adjusted by varying the ratio of total Ca and GEDTA and were calculated as described by Ogawa (15) .
Protein was assayed by the method of Lowry et al. (16) , using bovine serum albumin as a standard.
Significance was determined by means of Student's t-test.
Drugs used: I-norepinephrine hydro chloride, tris (hydroxymethyl) aminomethane (Tris), ATP-2Na were purchased from Sigma Chemical Co.. Creatine phosphate-2Na and creatine kinase were obtained from Boehringer Mannheim. GEDTA was pur chased from Dojin Laboratory. 45CaCl2 (Specific activity: 25.7 mCi/mg Ca) was obtained from New England Nuclear. Other chemicals used were of analytical grade.
RESULTS
Mechanical response: The dose-response curves for norepinephrine in the absence and presence of cocaine (3X10-5 M) obtained in a physiological saline solution are shown in Fig. 1 . The increase of maximal contraction was significantly greater in the prostatic half than in the epididymal half when treated with cocaine (3x10'5 M). The following experi ments were, therefore, carried out using the prostatic half of vas deferens.
Effect of cocaine on 45Ca-uptake: Ca uptake by the microsomal fraction was increased by ATP (0.3 mM), while there was less than 5 nmol Ca/mg protein in the absence of ATP. Cocaine (3x10-5 M) potentiated Ca-uptake significantly at 10-6 M of Ca` (Fig. 2) . The rate of Ca-uptake in the presence of cocaine (3x10-1 M) was significantly accelerated by lower concen trations (less than 2x10-' M) of Call, compared with uptake in the absence of cocaine (Fig. 3) .
Effect of cocaine on "'Ca-release: Ca release was carried out by diluting the reaction medium with buffer which contained 3 mM GEDTA to block Ca-reuptake during the release of Ca. Cocaine (3x10-1 M) did not influence Ca-release at any of the incubation times (Fig. 4) .
DISCUSSION
Cocaine has been reported to potentiate the maximal response in several organs, such as rat vas deferens (2, 5) and cat spleen (3, 4, 17) . Many investigations have indi cated that cocaine has not only an inhibitory action on catecholamine uptake mechanism, but also a stimulating action on smooth muscle cells. Maximal response potentiation of cocaine would be due to the latter action (2), although the possibility of the former action cannot be excluded.
At least three explanations are proposed to explain this postsynaptical action of cocaine; changes of the properties of a-adrenergic receptors (5) ; or improvements of cell-to-cell coupling resulting in synchronization of muscle contraction (6); or alterations of availability of calcium ions for muscle contraction (2) .
The first postulation is unlikely, since maximal responses obtained by stimulants other than norepinephrine such as Ba, acetylcholine, angiotensin II, etc. can be potentiated by cocaine (2) . We, therefore, investigated the influence of cocaine on movements in the microsomal fractions from the rat vas deferens to assess the interaction of Ca" and cocaine, at the subcellular level.
In this study, the microsomal fraction was prepared from the prostatic half of vas deferens, since potentiation of the response to norepenephrine by cocaine was significantly greater in the prostatic half than in the epididymal half, as shown in Fig. 1 . This phenomenon would be feasible, because it has been reported that the postjunctional nature varies along the rat vas deferens (18, 19) . Microsomal fraction from the rat vas deferens had a rather high activity compared with that from other smooth muscles (11) . It is well known that Ca-uptake by the microsomal fractions from some smooth muscles was potentiated by ATP. In this study, the concentration of ATP was 0.3 mM according to Nishikori et al. (20) . The smooth muscle stimulants such as angiotensin II and a-adrenergic stimulants on the rabbit aorta (8) and acetylcholine on the rabbit taenia coli (9-11) accelerated Ca-release from the Ca-incorporated microsomal fractions derived from the corresponding tissues. Moreover, papaverine and Aspaminol, nonspecific smooth muscle relaxants sup pressed Ca-release from microsomal fraction of rabbit taenia coli (12) . The actions of drugs affecting smooth muscle contraction and relaxation are related to their effects on Ca-transporting properties of microsomal fractions. Cocaine had no influence on Ca release from the microsomal fraction but did potentiate the Ca-uptake in the lower con centrations of Ca". It was reported that in a Ca-free medium the rat vas deferens rapidly ceases to contract and that the Ca 2+ to be utilized for contraction is principally derived from extracellular Ca, including superfical bound Ca (21, 22) . The present results suggest that cocaine itself does not facilitate the release of bound Ca from the storage sites but does promote binding of Ca at the storage sites and that smooth muscle stimu lants facilitate the release of Ca accumulated in storage by cocaine, thus increasing the supply of Ca' to be mobilized by smooth muscle stimulants to contractile elements.
Summers and Tillman (17) observed that in cat spleen, cocaine potentiation was diminished in the presence of SKF525A, a potent calcium influx inhibitor, although the sources of Ca' to be utilized for contraction in this organ were controversial. Their finding suggested that Ca-influx induced by smooth muscle stimulants increased in the presence rather than in the absence of cocaine. Experiments on effect of cocaine on Ca influx are in progress.
